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Quality Characteristics of Tofu Prepared with Lycii fiuctus Powder
during Storage
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Abstract

This study was conducted to examine the quality characteristics of tofu prepared with Lycii fructus powder(LFP) during
storage for 15 days at 5+1°C. The moisture content, yield rate, tofu whey content and turbidity of soaking solutions of
tofu prepared with LFP increased upon the addition of LFP. The pH of tofu prepared with LFP decreased while the
acidity increased lightly; however, the acidity of the tofu did not differ significantly according to the level of added LFP.
The L value of tofu decreased as the amount of LFP in the formulation increased, whereas the a and b values increased.
The color value of tofu prepared with LFP did not depend upon the storage period. The hardness increased significantly
with the level of LFP, but it did not differ significantly according to the storage period. The microbial count of tofu
prepared with LFP was lower than that of control tofu during the storage period. In terms of overall preference, the

preferred tofu contained 1.0% LFP tofu.
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Freol ®i,
& T A= AF F9 shtelti(Yang SE 2004). Z12u
FRE 80% o] s wiEol, AuEE 2T
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FHo] A Mo {7]4KPontecorvo AJ2} Bourne MC &
1978)°1u 71 E4HS H71= W (Chun KH 5 1997),
Ca’ ol T I o]9ol Tl BES SUAR ALE
3= W(Lee MY} Kim SD 2004), 2 &A#21e HA
GHEAS 7= H(Oh SW 5 2002) 5 WS &
HEo] ARHA ot gty HZdde &RAEY A
7ol tigk #qlol S7tste] T4 Az Al H=7H(An SH
T 2008)= H7bsl FYAES BASHAY TR 7]
AT AR FEe flet] AA 2AE A AT
(Han MR¥} Kim MH 2007, Kim JY®} Park GS 2006)E&
of WP UARE opAA] FIAE ol 87 AT
e AAolth

TN AW Lycii fructus)= 77 1A Lycium chinensis Mil-
ler)o] dujolm, F7ATF= 7HA K Solnanceaae)ll <
she Yoz 2, ofd) A Hol F2Eo] o -
gugt S AT Ad A= (HHE 1996)< BIF
st T FEE, iRk 98 S|4 Al R A
3 o}k AAE S Z = carotenoid, choline, meliscic acid, zea-
xanthin, physalin(dipalmity-zeaxanthin), betaine, B-sitosterol
Vitamin Bi, rutin® EX32 4 S 754 AEo] thek
SkrEo] AthPark YI 5 2002). 7)Aol &akala )



(Park BH 2005), & &3 Lee HG & 2004) 3t 71% 7h
A, dAs 2 FF =TI Cho JH 5 2004), ISR
F3KPark JS 5 2000), 5 %_’—al.érfﬂ% A& EIHKim SM
T 1998), &¢B 7 (Chang IMS} Chi HJ 1982) 52 &%
o] gJof =4k MEAL] 7fJoo HK 1988), <(Choi SH &
1996), AW (Lim YS % 2003), 15%ZKim DH 5 2003),
UEFEIX](Kim MJ 2006) A7} 3?8_00 IS 5 2003),
eldu)(Lee HG 5 2004), F-7](Park BH %5 2005), E=bg]
(Lee HG %5 2004) T7NAE o] &3 E‘r 3 7L EAlE
kel gk A7 EEhA o] FAX A = AA ok
olol 7IsdAF A FVIAE ol&st IFIIIEA|
7FEAES AL AESIAA TS AHlE STAT L
H AAAFAR] v 713 gl F7-9 7o)
& Qsit.

meba] B AT s TR AR R 71sH &
A7} A= 2AE ANLetr] fleked o8 ofg] #e &
T4EIE 7RI e AR UL(Lycn fmctus Powder) <
AW FRE Azt AR T Y FE SHS &
olr 12} 3} T

Il Mz H A

1, A=
T7IARLEE AF7|AE 20083 A=A AuE =
2 BX FHAERFAEHGA FUSEeH, tF=
A okt AR 53 R vtE(US, 2007 d4hel
A WS YR, SAARE FshrtavlEMeCL -
2H,0)& AHE-3FSITh

2. FRo| M=
Fo] 2| %= Jeon MK} Kim MR(2006)] WHHS <=
g Hesto] 2:0]2]B(I0M-201B, (F)°l&H)E o] &3}
A z3 ek bA Aol A BF 100 g€ 1,700 mL
o] B3 g go] F/E A=xsta, AHEE o] 831
23] d2dl 1,400 mLe] F/E ARSsIAH. 771AREE
2 AF7I1AE 41F £30171(Original-3000, Tonmag Ronic
Co., France)Z 10 &< 315k 70mesh A= A2 Ak
£3FAtE. T water bathol] TE3FAA 75~80C2] &
TE A AulddES 2A 05, 1.0, 1.5 F 2.0%°
T AR FH52 0.5% MgCl, - 2H,0Z5 Hol &3)A]
A UFEFAHOZ 3 o Z 2-33] wilkste] 1087
SaAFATE #F2HE AHFE9.3x7.0x6.3 cm’)ol] AHEZE
73l SIES Hol 46.08 g/em’e] §FEH O 1083 o
Ayttt AFE T SR 3083 35T
7} AKX AARR Aule] 15827 dx]Ele] FE FH o
TS AASAT H FHE 4x3x1.5 cms-/] =
}= % polypropylene zipper bag®ll FF5 200 mLZ 3

>~1

2%k & 5Co] WA 1597 AAstHA 23tk
3. £H0| Yubys 2
oot FrIAREE 7R AP ES AOACH
HAOAC 1990)0] Z3}o] 4-B-e 105C AzH, Fre
A2 35y, 20 A-S semi-micro-Kjeldahl o =2 (H 4

AT 6255 AH8) 48T

[e)

= T

1,400 mLo] ol tht & 752 FA= FASAA, T

] }J:ltﬂ— =7 ]—':t’ Z'"Z X]ff‘ T)f%:‘q' 7;(:1 ]'ﬂ% OE]J’]'Z](E

G2 No.2)2 AHg & =529 §FEE spectrophoto-

meter(UV-1601, Shimadzu Co., Kyoto, Japan)Z 600 nmol
A 33 W AT

5. S50| pHEt AlE &3

F5-2] pHE Choi YOS} Chung KS(2000)2] ®Ho

AR 10 goll B S/ 20 mLo} $ Hol=%
MixerZ 2% &9 #23}3l3, pH meter(Hana, pH 210,
US.A)E ol&3sty 33] rbEste] SN T4 EE
0. N NaOHZ pH 8.3°] & mj7bx] A4 & F5- | g&
Fslel=t 285E mLTE lactic acid=® H4lste]
EFAT

ke

6. SO Mz =3

THY MEE AxE F5E 5CoA 159 5 A%
PR AT Z7)(5%5%1 em’)E A8l Chromameter
(Minolta CR-200., Kyoto, Japan)E AR&-3t] 103] HHE =
stk EFH2 L(Lightness, ), a(Redness, Z—*/»‘ﬂ‘:)
2} b(Yellowness, B=)ak-2 2+2; 96.82, -0.12, 2.06°] 1T

7. THo| XX £

R0 A F 247 B 53 TRE Y]
(3%3x1.5 cm )i A}, Rheometer(Compac-1001I, Sun Sci.
Co., Kyoto, Japan)E ©]-83} 53] HbE ZHA3IHT) o]
wjo] A 272 distance 5 mm, adaptor type circle, plun-

ger @ 50 mm, table speed : 120 mm/min®] ZASE 3}

7d = (hardness), B3 d(springiness), 5% “d(cohesiveness),
28] A (chewiness), 713 Ad(Brittleness) 52 @22 UER]
ATt

8. £xo| 3R 5%

A% & FH AldsT 8L Jeon MK Kim MR
(2006)9] HHHo 2 FH 10 g BT 0.1%2] HEN 90
mL-& homogenizer(Nihon Seiki, ACE, Japan)Z 24 &<}

Korean J. Food Cookery Sci. Vol. 26, No. 5 (2010)



588 wur=s) . A0 - Aoy

A & GAF o m s 22t 3149 |

£ plated] HF3t EF HI FIuiA|(plate count
Agar, Difco, MI, USA)E o £33t AREsIATE Al
BE AATE S Hste] 30+1TollA] 484 v &
colony™& FA33aL A& 4= CFU(colony forming
unit) S log @tz YERSITH

9. FE0| BSZA}

AN TR
Fo} AFHACH & ANe] ARE Wk F WMSA Y5
2 ore ATm e AEE B/ES st Bt
FRozA TR UAVY, EA jrele =), ¥
AT B, e o v w, A, B
4, $14), AAHL A ESolw, A3 57, AA 170
= EASE 57 ASHOR BT,

10. SAXz2|

WA e FA A El= SPSS(Statistics Package for the
Social Science, Ver. 14.0 for Window) packageE ©]-8-3}]
He 9 FFUAE FkaL, £4HEA(ANOVA)# Duncan
9] t5H 9 AFH(Duncan's multiple range test)S-= &
AA Fod<s HSsH

m, Zat 2 o

2

T Az AMgE Tt AR HAUERY o
I -2 Table 13 2ok 59 FEFS 11.57%, =
S5 4.42%, A 36.43% o]t} iR TR
H7HRe] RS 717 81.05, 82.20, 84.92, 87.60

b

e

Table 1. Proximate Composition of soybean and tofu prepared

with Lycii fructus powder levels (%)
Samples” Moisture Crude ash Crude protein
Soy bean 11.57 442 36.43
Control 81.05 0.81 9.10
LFP0.5 82.20 0.86 9.54
LFP1.0 84.92 0.88 9.80
LFP1.5 87.60 0.92 10.54
LFP2.0 89.80 0.96 10.76

Y Control : Added 0% Lycii fructus powder

LFP 0.5 : Added 0.5% Lycii fructus powder
LFP 1.0 : Added 1.0% Lycii fructus powder
LFP 1.5 : Added 1.5% Lycii fructus powder
LFP 2.0 : Added 2.0% Lycii fructus powder
A E 2] ek 3| A] A 26 A 52 (2010)

5 89.80% & TrIARERe AUl ST E A
Ao g Frletded IS Fo Aoldwe FF
A wEoZ BRItk o] Park BH 5(2005)9] +71AF F
F|oM S 22 Aot 23|y Zrhildo) s 4
2 2o A4S 2=, ol Lim YS 5(2003)
o] Ax TR BLo] Z3|E 5.4%, 2HNA 17.8%, &=
A 122%A R J7HE STl oet B STl 7191%
Aoz BRI} o] A= Jung JYSF Cho EJ(2002)2]
SRR AFoA SApLEE HAUNErSE 3R 20
e of7F STV THE Balet Ak

B A3= Table 29 2o 78 2T 4% 187.29+
5.79 golNe™ 2.0% T7IAREL H7FFR-9] A9 20543+
10.60 g & F7|AHED H7teo] S7HES +8o] ¢
A Yol AETRe] A1 ZFol7E AATHp<0.05). ©]
+ AEH7VEo] S7HErE 75 78] S A2
2 Hojxu, thAluKYang SE 2004), A HE(Park EJ
2} Park GS 2006), d=7¢E2(An SH 5 2008)52] 23}
o} A2 7oAt

T=o HEE 279 7 0.20£0.02, 2.0% T71#
2 HIHFRO] 79 043+0.132.2 FUFete] e A
Bk 7712 Artegol S71ErE £29 vlAl
A7 o] F2EA] 8| Ao w2 wAUrt TR
2 JHHA 3 1A dAF §EE SR AL
2 AZEY § B FH(Jeon MK¥ Kim MR 2006), 743
A7} F5Min YH 5 2007), 457 &=(Kim JY$} Park
GS 2006) 2 vz} FEFE(Kim JS} Choi SY 2008)2]
AAES H71e 759 8527t dxadit =4 Yepd
AAels YA T

T o Mo

3. EX|He| Bl Hs}

TFAARE PR AA Y] Bw Ws dahe Fig.

Table 2. Yield of tofu and Turbidity of tofu whey prepared with
Lycii fructus powder levels

Samples" Yield(g) Turbidity(Abs)
Control 187.29+5.79"9% 0.20+0.02°
LFP 0.5 190.86+4.60% 0.27+0.04¢
LFP 1.0 195.14+3.80° 0.25+0.03¢
LFP 1.5 199.71+5.88° 0.30£0.10°
LFP 2.0 205.43+10.60° 0.430.13"

b Samples are same as in Table 1
¢ Values with different superscripts within columns are signifi-
cantly by Duncan's multiple range test at a=0.05.

% Mean#standard deviation
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Fig. 1. Changes in soaking solutions turbidity of tofu prepared
with Lycii fructus powder levels during storage at 5C.
Control : Added 0% Lycii fructus powder

LFP 0.5 : Added 0.5% Lycii fructus powder
LFP 1.0 : Added 1.0% Lycii fructus powder
LFP 1.5 : Added 1.5% Lycii fructus powder
LFP 2.0 : Added 2.0% Lycii fructus powder

13} 2t} Az A% U272 75 0.03+0.001 2 71
A YeEREo™, 2.0% F71AREE H7HERS] AS 0.07+
001322 o} F7|AET Hrlgo] F7Id+E o4
S8 F7Vshe AEES Btk AR7|Tte] S E A
AN B F7IsHE AES BT A 22 Fe) 24
1549 g5 2ol tiz2T9 749 0.03£0.001°14 0.86+
0.032% 0.83, 0.5% T7IAREZ H7FF5E9] 79 0.04+

0.004°114 0.81+£0.014% 0.77, 1.0% T71AHEZ H7MF5
o] 7% 0.05+0.002011 4 0.78+0.011% 0.73, 1.5% T7]A
B HUEERe] S 0.06£0.001014 0.51+0.017Z 0.45
2 2.0% T7IARED H7FFRS] 739 0.07+0.0030114] 0.51+
0.0022 0442 AH 7rAast= A BYo T2 AA
Al AN g5 FThe TR MEAA AdEE HdE
(Tskeshi S 1985)3} v]AYE2] F7KDoston CR & 1977)l
ogt Aow dHA Q) ol L AAF MUt F
F(Jung GT 5 2000), A=XxF A7} F5(Shin YM &
2005), 27 H7F F2(Jung JY S Cho EJ 2002), &7
A% A7F FE(Kim JS2} Choi SY 2008) 2 2 A o] HE
F2(Park EJ9} Park GS 2006)2] 7R} AR A
A& YERATH

4, pH

T AT H7MFRY A F pHA = Fig. 29 2
th Az AZ FHo| pHE thRTo] 6.13+0.06 2.5 71
=9kom 0.5, 1.0, 1.5 D 2.0% T71& BEH7VFRIF 24
7} 5.98+0.04, 5.88+0.02, 5.87+0.01 = 5.86+0.00°.2 A7
ol = AgS Bt ol Fdo] dof o3 &3l
v 3330 AR LS FHol st #ole 3
Aol oa) BHE Aol osf pHE Ao} A
et 2o AR 0.5, 1.0 1.5% JA7FFRE
AR 6AA7IA FoHo g Frleth A% oA+
BEE A F AZ RYARE B ST A
7 2719l pH7F F7Fshe AL T w3 270l A

pH
o

1 —e—Control —TF—LEP 05
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Fig. 2. Changes in pH of tofu prepared with Lycii fiuctus powder levels during storage at 5C.

Control : Added 0% Lycii fructus powder

LFP 0.5 : Added 0.5% Lycii fructus powder
LFP 1.0 : Added 1.0% Lycii fructus powder
LFP 1.5 : Added 1.5% Lycii fructus powder
LFP 2.0 : Added 2.0% Lycii fructus powder
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= AEAF] peptide, amino acid 5 YA A& 2|3t
=2Fgol o)+ JaJung JYS} Cho EJ 2002)0.2 A7+
=, A% 9dA pH7F 543] BolX= Ao=® Hol A
2 9dAFE ko] A T wAo] BAZOR Azty
I Yes € T AT olEg A= FHE AU TR
(Jeon MK$} Kim MR 2006)2} 240 HE 7} F5
(Park EJ$} Park GS 2006)2] Ao} |5 vidE
FZE(Im JG T 2004), AFF(Kim JY$}F Park GS 2006),
2 H) A5 (Kim JS€F Choi SY 2008)2] F7}&o] S71eh4
= izl vlal pH7F 7o 202 TAdte Hagts
H=8k A3S JERATE pHYF WS 2 F0] &2 AF
o nls] WHRE7} ¥ O B Z(Jeon MK} Kim MR 2006)
T2 7Y TR ARAE e s = T
RS AoE AmHTH

5. 4t

T RS H7F TR A T AR WHIls 54
3 A3} Fig. 33 2t} AEE TR Ryl 2ol
me} mAEe] FAEHA Hal ol AFEE 4] FEF
o2 Ik, HAANEE TR AFAES YeRl=
A %7F FoKim JY 2} Park GS 2006). AxFY 2,
0.5, 1.0, 1.5 ¥ 2.0% T771#} &EH7FR9 A5 244

0.43£0.03, 0.51£0.03, 0.54+0.03, 0.56+0.01 % 0.56+0.
o8 AT Vbl SIS Sk oY
ofgh Aol= fialth A7t mE ko) Wshs o
o] A9 AR odAt 15dAel At STkl o
LA BFE YA ekt IR AT TR

[
=)}

o e A 9dA) FA3 FISAE 129A %
A F 15UAe) T F71E0m FART 20% 3

ZHFROA 075200102 7P w2 @& BT A%
713kl e Aee A% 27]de o ANEE AR
2] peptide H obr|4t S Z2 FAAMAEY
Z)4kol i g o7 Ao WEE YeER)A gte
1 7]Zko] A'd4=E- decarboxylation % deamination 5Ol
oaff 550l AdtE ol {F7I4te tF P2 ATt
7= AR FE(Kim JY9F Park GS 2006)2] Rl

= T Ruly
2o A 27 F71ARRT Aol BESE L ¥
OFA| L, aZkd bRt FobAH AR el fFoZQl ApolE
BT, ole 7714 7HRE o= Aol F7)2te)
fFeld ofu| At EEo] FF AxHH T 71HEo
o5 Aol o] WEor Azt )RR
TS 7K AT (Lee HG & 2004)914 9] AA o}
AFESFY H7M HrbEe]l 7SS bike]l 71T
= d7Aa%e} 2 AU HKim JY S} Park GS 2006).
L# agke Hrbhrse] S71845 24ste 43e B

FHo AT FHO FH8A T 83 Qb0 A
E= A 7ERe] HEZ o)&Ht A T uExT
I 0.5%%} 1.0% T71AEE HA7FFR] Lk AF 6

07
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Fig. 3. Changes in acidity of tofu prepared with Lycii fiuctus powder levels during storage at 5°C.

Control : Added 0% Lycii fructus powder

LFP 0.5 : Added 0.5% Lycii fructus powder
LFP 1.0 : Added 1.0% Lycii fructus powder
LFP 1.5 : Added 1.5% Lycii fructus powder
LFP 2.0 : Added 2.0% Lycii fructus powder

ok
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Table 3. Changes in Hunter's color value of tofu prepared with Lycii fiuctus powder levels during storage at 5C

Color Samplesl) Storage time(days)
Value 0 3 6 9 12 15
Control ~ 5983.7240.88"  (82.51+0.44° P79.07+0.38" AB84.95+0.23" 72224035 286.48+0.27"
LFP 0.5 475.81+0.44° B74.16+1.03° €67.30+0.67° 574.83+0.28" P64.72+0.52° 76.29+0.98"
L* LFP 1.0 570.19+0.81° C68.35+1.15° P62.90+0.58" P63.08+0.30° £60.780.69° £72.78+0.67°
LFP 1.5 566.63+0.80° C64.91+0.79° B66.23+0.53% BC65.94+0.57 P57.26+0.68° 469.38+1.27
LFP 2.0  "%65.130.67° C63.52+0.06° 5C64.29+0.75% €62.97+0.91¢ P55.09+0.84° %65.67+0.87°
Control P_1.37+0.04° D-1.300.05° B.1.05+1.14 5.1.04+0.06" £.0.75+0.06° €.1.12+0.03°
LFP 0.5 2.3620.28" B(C2.70+0.75° 43.43+0.83° AB(2.93+0.85° A3.5040.41° AB3 1340.66°
a* LFP 1.0 5C4.89+0.38° AS5.89+£0.97° AB5 3040.78" B5 11+0.66° 4.400.45° €4.43+0.67°
LFP 1.5 5C6.48+0.98" AB7.15+0.90° £7.44+0.90" A7.44+0.24a 6.180.69" 6.1120.74°
LFP 2.0 AB7 45+0.83° A7.95+0.88° #7.91+0.50" 56.92+0.25" AB7 3140.69" AB7 62+0.68"
Control AB11.8440.38° AB11.54+0.50" 412.67+0.92 2810.00+0.48° €8.23+0.32° B9 34+0.22°
LFP 0.5 A25.25+0.56° B1.60+1.24° €19.83+0.83° B22.2440.52 B1.9540.42° A25.1141.19°
b* LFP 1.0 31.180.89° 28.93+1.15° P24.17+0.65 €26.83+0.74° ©25.87+0.88" A31.7141.12°
LFP 1.5 A3533+1.38" £30.53+0.92" ©28.83+0.60" 530.55+1.26° €29.50+0.87" A35.6120.99°
LFP 2.0  “33.85+1.42° B30.22+0.53" €28.4540.51° P26.85+1.55° €28.9941.34° A33 87+1.29°

*L : Lightness, a : Redness, b : Yellowness

D Samples are same as in Table 1
2)A~E

3)a~e

» Meantstandard deviation

A ZHAasitzE A7 9, 1599 Stk 1.5%2 2.0%
T71ARES J7VRRE A 2700l ozt fHAsith A%
6ol STkttt agke] B9 iz A% 645 A
H S7Fe7E AR 15900e -1.1240.03 0.2 43813 S
H, 0.5% T7IAEY HAUVbERE O4 SRR e A

A7130e wE AR AL JEhA &%kl 1.0%
T

Hashe A 1Yok 2.0% T1AREE A7HE
o AR 9deltt o st AT s)t I
T e BolA etk bk TIAET HUhre A
T+ A% 1297 Zadhe S 2ot A% 159
ol 43 S7kshs A3k Bt
7. FIMEE AMIERS =T

T7IAREE AR A% $ 245 AI= Table 4

L

o} 2t} Az FYe] 734 (hardness)> T =, 0.5, 1.0,
1.5 & 2.0% 7714 7R B9 2 2.56+0.24,
2.56+0.30, 2.74+0.60, 3.13+0.57 2 3.71+0.21 2 F7|A}&
= AUt VTS FUFsI o 2 Aol UA
1A} B Jrbere] St E TR RS
FE 7t FE U 137 o] HSolx Est
Aarde] AARE 7K A2 IAEE F B
Ao} Yol ¥ IA AL WEo R HAZth o=

§&
2
H
4
N

Means with different superscripts in the same row significantly difference by Duncan's multiple range test at a=0.05.
Values with different superscripts within columns are significantly by Duncan's multiple range test at a=0.05.

%
[H

27+5 A7HF5(Park BHS} Jeon ER 2008), 45
A7VFE(Kim JY$9} Park GS 2006)9} 2m|#F
17} FE(Kim JS} Choi SY 2008)2] Hile} 2
Bt TR AnAdLe T4 Ul 13E9] =
Al 7V, o g 26 wet 34 S

=)

i ofo oM M N ot
tlo i e

kot g ol

SV

A(springiness) <} -8-F 4(cohesiveness)= T7]1AHET 0.5%
HA7hrol 7P =9ka1, Al el we ofF Akl o
U 2 zole itk dzTe] 2SS, A g§eEAde
A% 27l B FFsitrt A 9Y HH
she S Uehiiith 71AES FJre A= A
A7|13to] AojdeE AuAdL o F7bskd A, 34
astH o o8l Aol gl 7HR A (brittle-
ness)> A& 9A7HA] STksltrE FH-Y Fufjrp Al EHE
oAA= 12¢0l 543 7HAdte] A4 15Y0l= thzo
7357F 47247+28900. % 71 wEal Zpol7}h gol uEbst
o AFzdd e F7 FEE5AJang WY 5 1995)0
Al FRl ZA S AR TR 22 EA o] FEg
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Table 4. Changes in texture of tofu with Lycii fiuctus powder levels during storage at 5C

Storage time Samples"
(days) Control LFP 0.5 LFP 1.0 LFP 1.5 LFP 2.0
0 £ 56+£0.24° B 5620.30° B2 7410.60° P3.13+0.57* B3 71x0.21°
3 €3 46+0.29" #3.34+0.51° A3.9240.33% 3.90+0.26™ B4.25+0.99°
Hardness 6 4.18+0.52° AB3 2540.68° #4.38+0.96" #4.97+0.39" B3 63+0.23°
(g/em’) 9 B3 86+0.33% AB3 1340.25° 13.85+0.29® B4.48+0.81° B4.0420.82
12 D3 100.14° 43.65+0.27° AB3 5340.19° B4.3540.30° 84.60+0.77°
15 E2.26+0.18° #3.5740.19° AB3 5240.30° €3.7140.15 A5.85+0.81°
0 590.00+1.92 %93.49+2 55" 89 67+3.10" 488.62+1.63 ABg6.47+2.83°
4891.96+0.55" 588.62+3.56" 491.67+1.74° 490.81+2.11° 490.54+2.40°
Springness "93.13+1.46" A%90.69+3.12° "90.7343.44° £90.25+2.70° AB85.04+2.51°
(%) #891.62+0.95" #890.30+0.59" #88.28+0.62° #87.67+0.85 581.224+2.35
12 2891.83+0.34° 2B91.11+0.85" £90.59+0.89" 286.48+0.36™ 488.59+0.51"
15 €83.43+1.27° 2B90.48+1.36" A88.31+.38" 85.99+2.08" ABg7.55+1.13°
0 £70.22+7.01° 481.83+3.49° £67.00+6.76° £64.1243.68" *66.07+3.70"
3 466.5643.53" %67.69+9.45" 460.82+1.33" 262.46+£1.89™ %65.68+1.89"
Cohesiveness 6 *866.32+0.94° 465.81+2.52" 462.78+6.14° 463.04+3.59™ 465.50+1.39"
(%) 9 AB65.2342.58" 466.94+1.02° %65.27+2.47" %65.59+4.37° 464.40+5.03°
12 563.93+5.09" £67.94+0.88" *65.09+2.69° £62.09+3.15° £64.2242 45"
15 560.58+2.69" 261.21+4.33° 264.81+2.29° 263.80+3.96° 265.76+1.37"
0 €830.82+38.46" €756.93+115.75 ©758.27+90.12° €840.66+119.96" 51012.44+66.96"
3 AB1235.914+23.91 2B924.55+149.41° 41166.30+233.29 51031.31£97.76° 1169.204201.70°
Chewiness 41310.57+154.84" 2938.74+94 36" A143.97£196.20™ 21372.08+45.38" £990.09+74.65"
(8 51109.25+93.05™ ABgR1.44+78.63" 2B1060.53+45.79™ 21285.62£163.99°  P1148.79+190.73°
12 €871.29+30.62° 4975.4+11.20 4BC961.42+19.55" 5€945.28+55.60° 51238.87+170.06"
15 P566.02+62.45° AP876.15+16.97° 5€900.07+32.53° BC893.97+25.58" #1633.374246.43"
0 B€92785+18948" A80098+26978" €6835+:8843" 74530+10989° 587496+5568"
3 411365342687 A82205+16224° A893818+6438" 5€99674+3409™ 211471442100
Brittleness 6 A121944+13057" 48519049710 £103897+19524" A123918+19524" B84080+4179"
(2 9 2810170249690 279616+7450° 2B93612+3670" AB112890+17591° 894126+22655™
12 P80006+2867" 28631543467 €84698+2826" P8R400+4649" 5109925+16830°
15 P47247+2890° A84367+6877° ABg7048+4242" €92433+6419" £142858+20072°
0 A18.67+17.21° £26.3343.21° £.25.2546.02° £.28.00+2.16° £.29.00+8.76°
3 A27.67+4.51° £273343.21° A.31.00+6.55° £.30.33+1.52° £.33.33+2.89°
Adhesiveness 6 4.28.33+3.78" £.22.00+9.64° £.22.0042.00° 5.38.00+2.65° £.28.67+10.50"
(8 9 £.24.00+7.21° .26.6742.08" A.25.00+2.00° £.29.00+2.00° A.27.004+2.00°
12 £.24.33+6.02° £.24.00+5.29° A2433+1.15° £.28.67+6.66° £.28.67+4.73°
15 A.31.66+0.58" A.27.00+2.00° 2.25.00+1.00° A.30.68+5.03" .32.00+1.00°

T -
)Sarnples are same as in
2)A~E

3)a~e

Y Meandstandard deviation
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Means with different superscripts in the same row significantly difference by Duncan's multiple range test at 0=0.05.
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